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December 1, 2005
To Whom It May Concern:

Guidelines for Traffic Counts on Local Roads and Streets
Please find attached guidelines for traffic counts on local roads and streets. The
generation of these guidelines is for the purpose of updating the current, outdated version,
'"Guidelines for Traffic Counts on County Roads", County Highway Series - No. 12,
which was released June 1971 and written by Russel, E. R. and Hittle, J. E. The
objective of these new guidelines is to provide local jurisdictions with the necessary tools
and information to permit the establishment of a thorough and adequate traffic counting
program.
Enclosed will be found a complete discussion of the most common types of vehicle
counters as well as the varying types of vehicle studies that can be perfonned. More
importantly, this document contains a thorough discussion on data extrapolation. That is,
expanding shorter counts into representations of the average annual daily traffic (AADT)
for the given road segment in question. This very thought is extremely important given
the lack of funds necessary to monitor a roadway segment 24 hours a day, 7 days a week,
365 days a year.
From analysis of a wide range of data, this document recommends that only data from a
full 24-hour count be expanded into a representative AADT. The analysis of the data
revealed little, if any accuracy in expanding counts of less than 8 hours in duration.
For questions related to the information and recommendations included m these
guidelines, please contact me at the phone number or address listed below
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Program Manager
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Executive Summary

As funding for transportation projects in the state of Indiana
becomes smaller, it is quickly becoming necessary for analysis to be
performed to determine where best to invest tax dollars rn the
transportation system.
This document has been developed to assist
jurisdictions with the establishment of a vehicle counting program.
It
must be noted that the information contained herein is not all inclusive
and references have therefore been made to other established publications
that can further assist each jurisdiction.
Contained within this particular document is a brief discussion on
the types of common vehicle counters available (a directory of prominent
traffic counter suppliers has been included for reference). Provided with
each description is a discussion on the positives and negatives associated
with each type. Also discussed is a planning process that should be taken
when establishing a count program. That is, the different types of count
stations that can be utilized.
These include continuous, monthly,
coverage, and control/seasonal count stations. A brief discussion is also
made concerning appropriate count intervals and vehicle classification
breakdown.
Another topic covered within this document pertains to the analysis
of data acquired from a count stat ion. This sect ion covers topics such as
accounting for variations in traffic counts, heavy vehicle adjustments, and
the determination and application of daily and monthly variation factors.
A final discussion is devoted to safety when placing and maintaining
traffic counters. Attached in the appendices are the operations manual for
the two counters available for loan from the Indiana Local Technical
Assistance Program. Also found in the appendices are example tables of the
variation factors that can be obtained from the Indiana Department of
Transportation.
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SECTION 1:

INTRODUCTION

1. 1 Overview
Vehicle counting and classification plays an integral part in all
areas of transportation planning. Decisions are made daily concerning how
to design and maintain local infrastructure.
The fol lowing simple, yet
obvious quest ion of ten arises in the transportation planning process; what
standard should be maintained? This question, although apparently simple
on the surface, can be quite difficult to answer.

Issues such as roadway material, nwnber of lanes, number of access
points, number of traffic control devices, prioritization of projects, and
many more must be addressed by road or street personnel almost daily. When
determining prioritization, it would be beneficial to determine a factor
that would incorporate cost per mile of a given road and the percentage of
overall traffic in the jurisdiction. This would provide each jurisdiction
with a means of identifying which road and street projects should have
priority over others.
Fortunately, each of these questions can be
answered, at least in part, by acquiring an adequate knowledge of traffic
volumes on the existing or proposed road.
More specifically, the
acquisition of two very important parameters that are used extensively when
discussing traffic studies, average daily traffic (ADT) and annual average
daily traffic (AADT).
The first, ADT, represents the average traffic volume that is
expected on any standard weekday in a given month (refer to Section 3.2.3
for a definition of a standard weekday).
The other parameter, AADT,
represents the average traffic volume that is expected on any standard
weekday in a given year.
The ADT is typically the result of an actual
count, whereas the MDT is the result of a calculation involving the actual
count and a seasonal adjustment factor.
Both of these values are inherently difficult
and therefore require an experienced professional to
these values, personnel must be properly trained
practices in order to reasonably predict volumes for
some point in time given a limited amount of data.

to accurately obtain
formulate. To obtain
in traffic counting
a particular road at

Being able to accurately predict traffic volwne and use for all roads
rn a given jurisdiction allows for the optimization of the limited funds
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made available for transportation related projects. Also, these counts, if
done properly, allow for the prediction of traffic volumes and
characteristics far into the future.
This will, once again, allow for
optimum economic decisions to be made today regarding distribution of funds
tomorrow. Another major use of traffic counting is for impact studies of
detour routes.
An accurate counting system can al low for proper
reimbursement to be made to compensate for damage done to a sect ion of
roadway as a result of an extended detour.
Throughout this docrnnent, two terms wi 11 be widely used. These are
duration and interval. For further clarification, it will be beneficial to
define the difference between these two terms. The use of duration in this
docrnnent wi 11 refer exclusively to the total length of time that a counter
is in pl ace and counting. Interval, on the other hand, wi 11 refer to the
time increments that the total duration wi 11 be divided into for purposes
of observing the traffic volume variation over the total count.
1.2 Purpose and Scope
The purpose of this document and included guidelines is not to
prescribe a detailed and exact method for counting and classifying traffic.
Such a document could not be written given the inherent variability in
traffic from one part of the state to the next. It is, however, designed
to provide a series of guidelines to assist in the creation of a system
that will enable the collection of complete and accurate traffic data.
Included within these guidelines is a list of all appropriate
counting devices. There have been several listed so that a wide range of
needs and budgets could be satisfied.
Also included is a guide for
planning a traffic count program and data collection session.
Once the
data is collected, it then becomes necessary to evaluate and analyze the
data so that accurate traffic volume predictions can be made.
This
document provides the process that should be fol lowed in order to properly
analyze the data obtained from the field. A final discussion wi 11 be made
concerning the detailed procedures that should be fol lowed when operating
two of the more common temporary counting devices, both of which are
available for loan from the Indiana Local Technical Assistance Program
(Indiana LTAP). To contact Indiana LTAP, please call 1-800-428-7639.
1.3 Acknowledgments
This publication is the result of research performed on the topic of
traffic counting and classification. Because of this, several references

2

were used extensively in the creation of this document.
The main
references that were used are the Traffic Monitoring Guide (TMG) by the
Federal Highway Administration (FYWA) and "Chapter 2: Volume Studies" in
the Manual of Transportation Engineering Studies by the Institute of
Transport at ion Engineers ( ITE). These sources are highly recommended for
further details and information.
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SECTION 2:

TYPES OF VEHICLE COUNTERS

2.1 Overview
Presently, there are a variety of equipment options available to
measure varyrng volwnes of traffic over varying periods of time.
This
section contains a brief discussion of many of these current and relevant
types of traffic counters. These include manual, portable, and permanent
counters.
The manual counters to be discussed include tally sheets and
electronic count boards. The portable counters to be covered include road
tubes and magnetic sensors. The permanent counters to be discussed are the
weigh in motion (WIM) devices, inductive loops, and video detectors.
In
the past, most of these methods and devices were not capable of measuring
and recording traffic characteristics such as vehicle type.
Newer
technology, however, allows for the collection of a wider range of data,
including vehicle classification.

2.2 Manual Counters
Manual counters, al though not preferable, provide many advantages
over other methods of counting. Examples include, but are not limited to,
vehicular turning movements, occupancy, and pedestrian volumes and actions.
A major disadvantage that plays an important role in the decision to use
manual counters is related to the relative cost. More specifically, costs
associated with personnel hours.
That is, personnel must be paid to
operate a manual counter for the entire duration of the count.
Manual
counters are generally used for counts of either 8-hour or 12-hour
durations. This is an entire day of pay that would have to be sacrificed
for this count.
Another application of manual counts is the validation of results
obtained from portable automatic counts (to be discussed in Section 2.3),
either tube or magnetic. Before a jurisdiction initiates a time consuming
traffic study, it is worthwhile to verify/validate the operations of the
portable automatic counters to be used by a visual count during the same
time period. The visual co1mt can be used to verify not only the count,
but the vehicle classification and speed, as well.
Note, however, that
verification of speed will require additional special equipment such as a
laser speed gun or a timing device over a known distance.
Manual
confirmation of the operation of the portable automatic counters is
especially important when new or borrowed counters are being used.
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Each transportation department shal 1 assess their particular
situation and make an educated decision as to whether to utilize this type
of counting system or not.
Due to the low preference of this type of
counting system, a detailed procedure has not been outlined within this
document. However, there are a variety of manual counters available for
use and are briefly discussed below.

2.2.1 Tally

Si~eets

This entails very few, and inexpensive, supplies.
These supplies
include a prescribed form, watch or stopwatch, and trained personnel.
It
is the simplest form and can be easily modified for any situation in which
manual counts are deemed adequate. To perform traffic counts using this
method, one simply needs to place a tick mark in the appropriate section of
the count sheet when necessary. Upon completion of the counting period,
the ticks can then be tallied and analyzed. Figure 2.1 is an example of
the format to be expected on a manual tally sheet and was obtained from the
Manual of Transportation Engineering Studies.

VEHICLE TURNING MOVEMENT COUNT
FOUR-APPROACH FIELD SHEET
T i m e - - t o _ __
Date _ _ _ _ Qay _ __
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Figure 2.1: Example of a Tally Sheet (ITE 2000)
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Figure 2.2 is another example of a tally sheet that can be used for
This example was
performing manual traffic studies at an intersect ion.
obtained from Action Guide Volume III-2 developed and produced by the
National Association of County Engineers (NACE) in conjunct ion with INDOT
and FHWA.
TRAFFIC
GRAPHIC

COUNT

SUMMARY SHHT

-----·~--------

kd·"''
t'hvth by

_

·"-"0'"'

-------~--·---------

- _ j __
V(H1ClfS COUNT£{)

Al:

-

----··

--·

-~-

p~HI
·-:---···----~-~

------

---~---

------

Comn>
---~- .....

----

·•

...

()tt-rr

-

--- ------ -----·

Remarks---------------

GOMPILlO flY _ _ _ _ _ _ _ _ 01\ff _ _

Figure 2.2: Typical Traffic Count - Graphic Form (NACE 1995)

Figure 2.3 is an example of a summary form that could be used for a
typical traffic count.
This example was generated using the example
obtained from Act ion Guide Volume I II-2 developed and produced by the
National Association of County Engineers (NACE) in conjunction with INDOT
and FH\VA.
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TRAFFIC COUNT
SUMMARY SHEET
L o c a t i o n : - - - - - - - - - - - - - - - - Date: _ _ _ __
Road Surface Condit i o n : - - - - - - - - -

Weather:-------

TrnE
STARTS
),L

from North on

from South on
Street

Street

L

s

R

L

s

R

from East on

from West on

Street

L

s

R

Street

L

s

R

HALF
HOUR
TOTAL

SliRTUL\L
TOTAL

COl!P ILED BY :

- - - - - - - - - - - - DATE: _ _ _ __

Figure 2.3: Typical Traffic Count - Summary Form (NACE 1995)

Appendix A. 7 contains another example of a traffic count record
sheet. Figure A7.1 is a good example of what should accompany any traffic
count study. It provides a means for record keeping to be done concerning
all the details surrounding the cotmt and can prove beneficial when it
comes time to analyze and study the acquired data. Please note, that this
form can be used for any of the count methods discussed in the section of
the document al though most of the computer driven systems already
incorporate this data into the srnrunary reports.

2.2.2 Electronic Count Boards
Another, more common, method of performing manual counts is through
the use of electronic count boards.
These cotmters are capable of
recording traffic data for a variety of situations making them quite
versatile and appealing to agencies. To perform a traffic study using this
type of device, the operator must first have a device that will measure the
desired movements. Once this step is accomplished, a time interval must be
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set in the computer. The internal clock wi 11 manage, and separate, the
data according to this interval. This further removes human error from the
study.
Al 1 that is required of the operator at this point 1 s to push the
appropriate button to count a vehicle. Upon completion of the traffic
count, the hand-held counter can be taken back to the office where the data
can then be loaded onto the main computer for analysis. The counters, used
in appropriate situations, can be quite cost effective while at the same
time produce very accurate count results.
Because of this, electronic
count boards have become the most common device for performing manual
traffic counts. Figure 2.4 is an example of a type of electronic count
board.

Figure 2.4: Example of an Electronic Count Board (Bullock, D.)

2.2.3 !ford of Caution

Besides relying heavily on human performance, these types of counting
techniques are inherently limited when it comes to the amount of
information that can be obtained. Under heavy traffic conditions, more
personnel and equipment will be needed to ensure accurate results. Also,
determining traffic classification can be quite cumbersome and would
subsequently require more personnel.
This would, therefore, further
8

increase the incidence of error rn the data and the cost associated with
its collect ion.
2.3 Portable Automatic Counters
Portable automatic counters, unlike their manual counterparts,
provide the added advantage of time and money savings related to personnel
hours. This is because these types of counters can be left unattended for
extended periods of time to measure large volumes of traffic. There is,
however, the increased risk of failure (due to either mechanical, weather,
vandalism, or a barrage of other possible threats) that, if left unchecked,
could result in a complete loss of the intended count and possibly
equipment. This would require the count to be retaken, therefore costing
additional time and/or resources.
It is this very reason that portable
automatic counters should be checked daily, at a minimum, while in service.
To perform an automatic traffic count with a portable device, an
agency must decide upon a device that satisfies their needs and meets their
budget. Many of the newer devices have become incorporated with technology
that not only al lows for gathering of vehicle counts but also a variety of
other points of data including vehicle classification, speed, and turning
movements. To appeal to all agencies, there are several equipment options
available to choose from. The common types will be discussed here briefly
and their operating procedures wi 11 be provided in the appendix. It must
be noted, however, that the following list is not all inclusive. There are
a variety of other portable counters on the market.

2. 3. 1 Road Tubes
Probably the oldest and most versatile form of automatic traffic
counter, road tubes are easy to inst al 1 and can be applied over several
lanes. They consist of rubber tubes and a collection device. The tubes
are stretched across the desired lane(s), sealed at one end, and then
attached to the collection device at the other end. When a vehicle passes
over a tube, the wheels pinch off that section of the tube, sending air
pulsing back to the receiver. The receiver then records (and stores) this
pulse and converts it into a vehicle count. When only one tube is used,
the receiver records axle counts.
These must be converted to vehicle
counts through use of factors related to known or assumed vehicle
classification in the area.
To minimize error and maximize safety for
personnel setting up a road tube counter, it is recommended that a single
road tube device not be used for measuring traffic on more than 2 lanes at
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one time. Figure 2.5 is an example of a double road tube setup over 2
lanes of traffic.

Figure 2.5: Example of a Road Tube Setup

To ensure accurate data is collected when using road tubes, special
Tube layout is highly
consideration must be given to tube layout.
dependent on the type and manufacturer of the equipment being used. This
being said, it is very important to read and understand the user' s manual
provided for the equipment being used. Layout configuration is important
because the internal calculations performed by the computer use a
programmed setup to classify speed, vehicle length, and headway. If the
layout is not within the limits of the computer, erroneous data will be
produced. In particular, spacing of the tubes in a two-tube setup is a
function of the posted speed limit for the segment of road in question. On
segments of high speed traffic, it would be beneficial to space the tubes
at a larger distance to allow for a more accurate measure of the speed by
the computer.
2.3.2 Jlagnetic Sensors
Magnetic sensors work via a magnetic field. It consists of a coil or
similar device, capable of producing a magnetic field, and a data recorder.
The device is placed on and firmly attached to the road surface. The
magnetic field emitted by the device will become interrupted by the
presence of a metal 1ic object.
Because of this disturbance, the data
collection device records this as a vehicle count. Some of the more common
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examples of temporary magnetic sensors include temporary induction loops,
piezoelectric strips, and tape switches. Please refer to Section 2.4.2 for
further details concerning the functioning of temporary induction loops.
Figure 2.6 is an example of a magnetic sensor prior to attaching it to the
road surface and covering for protection.

Figure 2.6: Example of a Magnetic Counter (Bullock, D.)

2.4 Permanent Automatic Counters
Both permanent and portable automatic counters are quite similar in
technology and information gathered.
The primary difference is that
permanent automatic counters are capable of keeping a continuous record of
traffic volume at a specific location. These traffic counts are ideal for
performing analyses on the data in an attempt to determine seasonal
expansion factors.
As with the portable automatic counters, to establish a permanent
automatic count station, an agency must decide upon a device that satisfies
their needs and meets their budget. Many of the newer devices have become
incorporated with technology that not only allows for gathering of vehicle
counts but also a variety of other points of data including vehicle
classification, speed, and turning movements. To appeal to all agencies,
there are several equipment options available to choose from. The common
types will be discussed here briefly.
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2. 4.1 lfeigh in Mot ion
A weigh in motion system (WIM) is a permanent counting station that
provides the opportunity for the collection of a variety of time stamped
data.
The relevant pieces of information that this system can obtain
include traffic counts, classification, speed, and vehicle weight. Weigh
in motion systems provide the added advantage of time specific data. This
allows for peak flow periods to be easily determined. Three main types of
WIM systems are bending plates, piezoelectric sensors, and load cells. For
further information concerning piezoelectric sensors, see Section 2.4.2.
Figure 2.7 is an example of a load cell WIM system setup.

Figure 2.7: Example of a Load Cell Weigh in Motion (WIM) Setup (Bullock, D.)

2. 4. 2 Inductive Loops
These permanent loops are similar to the temporary loops discussed in
Section 2.3.2. A current passing through a wire produces a magnetic field
that, once disturbed by the presence of a metallic object (i.e.
automobile), sends a signal to a data recorder that counts the vehicle.
This type of inductive loop system is installed by saw cutting a pattern
into the road surface at the desired location and inserting a cable loop
which is then sealed from the top to prevent damage due to the environment.
This system has been quite common for use at signalized intersections.
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Inductive loops can also be designed as a weigh in motion system. To
establish a WIM system using inductive loops, a sensor must also be
included. The inductive loops are placed upstream and downstream of the
sensor. These loops will detect the vehicle and then determine speed and
axle spacing.
The sensor is placed equidistant from the upstream and
downstream loops and is oriented perpendicular to the direction of travel.
As a vehicle passes over the sensor, it produces an electric charge within
the sensor which is then interpreted to determine the dynamic load of the
vehicle. This dynamic load is subsequently used to determine the static
load of the vehicle. Figure 2.8 shows an example of an inductive loop
setup in concrete pavement.

Figure 2.8: Example of an Inductive Loop Setup (Bullock, D.)

2.4.3 Other Jlagnetic Sensors
There are currently a variety of other permanent magnetic sensors
besides the aforementioned inductive loops. The devices generally have
trademarked names such as Groundhog®. These devices are generally vessels
that are imbedded into the pavement. There function is very similar to
that of the inductive loops discussed in Section 2.4.2.
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2. 4. 4 Videotape
At present, new technology is emerging to allow for the use of video
cameras in counting vehicles.
Videotape technology is of great interest
due to its information gathering capabilities and the possibility of high
measurement accuracy. These capabilities include vehicle counts, vehicle
classification, turning movements, and pedestrian counts and actions.
Currently, however, there are some 1imitations that make its use
quite limited when conditions are not ideal.
Here, ideal is defined as
daytime with clear skies.
Due to the continual change in technology
surrounding this permanent automatic counting system, a detailed discussion
wi 11 not be provided here.
It is recommended, however, that agencies be
knowledgeable about current
and future research surrounding this
technology.
Figure 2.9 is an example of a video camera setup for one
corner of an intersection.

Figure 2.9: Example of a Video Monitoring Setup

2.5 Summary
This section has addressed the more common types of vehicle counters.
The vehicle counters discussed include both portable (manual included) and
permanent types of count stations. It has provided a brief discussion of
each of those 1i sted.
For a further reference on different types of
traffic counters, refer to the publication by the Institute of
Transportation Engineers, "Manual of Transportation Engineering Studies."
This manual provides a further discussion on several of the types of
vehicle counting techniques (and a variety of other useful topics) that
were addressed in this section.
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SECTION 3:

TRAFFIC COUNT PLANNING

3.1 Overview
In order to establish an efficient and effective traffic counting
program, careful consideration must be taken as to what type of data is
going to be desired. More specifically, over what duration the data must
be collected in order to al low for proper interpret at ion. Opt ions include
continuous count stations, monthly count stations and coverage count
stations. Coverage count stations are those stations that are portable and
therefore can be used nearly anywhere in a jurisdiction.
Also, special
attention must be made as to count stat ion spacing and how frequently
measurements should be made.
3.2 Types of Traffic Count Stations
Because traffic volumes can vary substantially over time of day,
season of year, etc., different count stations are available for a variety
of counting durations.
Over time, traffic studies have revealed that
traffic volumes tend to be characterized by the following comments:
a. Traffic volumes vary by the hour of the day, day of the week, and
month of the year;
b. Traffic volwne variations cycle in a repeated fashion;
c. Cyclic variations occur over extended periods of time and vast
stretches of roadway.
The fol lowing sect ions wi 11 discuss, rn reasonable detai 1, the
different types of traffic counting stat ions that are available for use
when collecting traffic data for local roads or streets.

3.2.1 Continuous Count Stations
A continuous count station, also known as a permanent count station,
1s set at a location that is representative of a particular group of roads
or streets.
The grouping of roads and streets is based on a series of
ftmctional classes which, due to homogeneity, have been combined and broken
down into five basic travel groups.
These travel groups have been
developed by the Indiana Department of Transportation (INDOT) and are as
fol lows:
a) Travel Group I - Urban Interstates, Urban Freeways, and Urban
Expressways;
b) Travel Group II
Urban Principal and Urban Minor Arterials, Urban
Collectors, and Urban Local Roads;
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c) Travel Group
d) Travel Group
e) Travel Group
Local Roads.

I II - Rural Interstates;
IV - Rural Principal and Rural Minor Arterials;
v - Rural Major and Rural Minor Collectors and Rural

This type of station is permanent in that it is not removed and is
therefore left to count, uninterrupted, around the clock.
Because they
measure continuously, the counts from these stat ions are viewed as a true
represent at ion of the average annual daily traffic (AADT).
Because of
this, these stations provide a basis for the determination of the
adjustment factors for counts performed using the portable counters to be
discussed next. These factors can then be applied to much shorter counts
obtained from roads sharing similar traffic characteristics and geometry
with the road hosting the permanent counter. The adjustment factors wi 11
be discussed in Section 4.6.

3.2.2 Monthly Count Stations
These are stat ions that, at regular intervals throughout the year,
perform traffic counts for periods of 7 consecutive days. They are most
commonly referred to as control count stat ions. Please refer to Sect ion
3.2.4 for further discussion of control count stations. These counts, when
coupled with the appropriate adjustment factors can provide a quite
reliable estimate of the AADT.
These count stations are particularly
useful for measuring the seasonal fluctuations from month to month in areas
where said fluctuations are expected.
These include reservoirs, outdoor
concert facilities, festivals, parks, etc.

3.2.3 Coverage Count Stations
This type of counting station is the preferred method by many
agencies. Although the extrapolation of the data produces less accuracy,
the versatility of this type of counter makes it very appealing. That is,
they can be moved from one location to the next with ease.
The cost
associated with placing permanent count stations on every section of road
is another reason that portable coverage count stations are desirable. The
counts are not as reliable but a greater percentage of the roads can be
monitored at a significantly lower total cost.
These
to collect
frequently,
count. For

counters are placed at specific areas of interest and are left
data continuously for relatively short periods of time. Most
the counters are used to determine an average 24-hour weekday
uniformity, a weekday can be asswned to mean any 24-hour period
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from 12:00 Noon Monday to 12:00 Noon on Friday. This immediately excludes
Friday after 12:00 Noon through Sunday when traffic is expected to
fluctuate quite drastically at times and therefore not be representative of
average conditions. Be careful, though, to exclude any weekday(s) when an
unusual event is expected, including inclement weather.
When used for this application, the counter should be installed and
allowed to collect data for a minimrnn of 48 hours. This is done so that
both 24-hour counts can be observed to determine if they are reasonably
close in magnitude. If there is a significant discrepancy (greater than 10
%), the agency must review their counting procedure to determine why there
was an anomaly. If counts are both reasonable, the total 48-hour count is
halved to obtain an average daily traffic (ADT) for the month.
The
following example will demonstrate this calculation.
Example 3.1:
A 48-hour traffic count study was performed on Lafayette
Road in Purdue County. The two 24-hour counts are 1,200 vehicles and 1,220
vehicles.
From experience, it is determined that these numbers are
reasonably close (difference less than 10 %) and are therefore accepted as
val id counts. What is the unadjusted ADT for the month when the count was
performed on Lafayette Road?
ADT

=

Therefore, ADT

(1,200 + 1,220)
2

= 1,210

vehicles/day

These count stat ions can also be used for collect ion of data for
periods of 8 or 12 hours.
It must be noted, however, that counts of
durations shorter than 24 hours are highly discouraged by the Traffic
Monitoring Guide. Usually, manual cotmts are performed if the duration of
the count is less than 24 hours.
It is recommended that cotmt s of this
duration only be used to analyze roads for purposes of determining if such
things as a turning lane, traffic signal, or intersect ion improvement are
warranted.
The fol lowing 1ist and subsequent discussion wi 11 briefly explain a
few of the key points that must be tmderstood in order to minimize the
error in counts due to the use of coverage count stations.
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a) lfhen to avoid counting: As was mentioned before, the ideal time to
collect data is on a weekday, which was previously defined as being
anytime from 12: 00 Noon Monday through Fri day before 12: 00 Noon.
This being said, Friday after 12:00 noon through Sunday should be
avoided, if possible, because these days are not representative of a
typical day. Traffic volrnnes on these days will tend to fluctuate
greatly over time. Other times of the year, that should be avoided,
include known holidays, inclement weather, construction, and a
variety of others. It should be the responsibility of the governing
agency to determine when the most appropriate times are for counting
traffic in their jurisdiction to ensure that the count is most
representative of an average weekday;
b) Paved versus unpaved: When establishing a count program, each agency
should evaluate the condition of their road network. That is, how
many roads are paved and how many are unpaved. This distinction is
quite important when determining how the traffic counts will be
performed.
Ideally, the use of portable traffic counters such as
road tubes shal 1 be used exclusively on paved segments of roadway rn
order to minimize the risk of damage to the equipment. However, some
of the new portable magnetic counters are capable of being placed on
unpaved roadways. They are usually buried in the gravel to ensure
their protection and proper functioning.
Manual counts are also
performed frequently on unpaved sect ions of roads and are done over
shorter periods of time (8-hour or 12-hour durations).
c) Spacing of stations on a given route: Station spacing, although there
are some general rules of thrnnb, is a fairly site specific concept.
Each agency should analyze every road in their jurisdiction and
determine where and how often they wish to place counters so that
accurate data can be collected.
As recommended by the Traffic
Monitoring Guide, count stations should be placed at intervals such
that the traffic volrnnes from one station to the next vary by plus or
mrnus 10 %. This will help to optimize the distance covered by each
count station. Another important note that should be made concerning
count station layout is that the stations should be laid out in such
a way that the counts are self checking. To expand on this, it may
be beneficial to explain with an example.
Let' s say a series of count stations were placed on a
segment of a corridor on Tuesday and then a new series of
count stat ions were placed on the remaining segment of
that same corridor on Thursday. To check that the data
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from the two different days can, in fact, be compared and
analyzed together, there should be a station overlap.
That is, the last station of the first segment counted
and the first station of the second segment counted
should be at the same location.
If these two counts
(made on different days) are to be compared (or combined)
and analyzed together, the over lapped stat ions should
have similar counts, ± 10 %.
Figure 3.1 graphically demonstrates this example.
Here, the
overlapping stations are stations 3 and 4. As was mentioned, the
spacing of count stations is best determined from experience. As a
counting program grows, the station spacing will become more evident
and economical;

First Round Counts
Station #1
Station #2
Station #3
Main Street
Station #4
Station #5
Station #6
Second Round Counts
Figure 3.1: Schematic of Sample Station Layout on a Single Route

d) lf'here to start: Due to the 1imi ted resources that road and street
departments are faced with, the initial emphasis for counting traffic
should be placed on main arterials and collectors.
That is, the
higher volume facilities within the jurisdiction. These include, but
are not limited to, roads leading to resorts, schools, shopping
centers, and parks. These main arterials should be given priority
over secondary roads;
e) Repeat cycles for count data: Because of growth, it is necessary for
each agency to regularly reevaluate the traffic counts stored on
record.
To ensure that the data remains reasonably accurate, the
Federal Highway Administration (FHWA) recommends that counts be
performed on each roadway segment a minimum of once every six years.
It must be noted, however, that this is only a minimrnn.
Ideally,
counts should be performed annually on each road, but this is not
always feasible given many constraints.
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3.2.4 Control/Seasonal Count Stations
These types of count stat ions are meant to provide a supplement to
the data obtained from permanent count stat ions.
Their purpose is to
establish and monitor daily and seasonal (monthly) patterns of variation rn
traffic volrnne. Control count stations are classified as either minor or
major.
Major control-count stations are operated for a period of 7
consecutive days once every month.
Minor control-count stations are
operated for a period of 5 consecutive weekdays once every other month. As
recommended by ITE, one permanent (or control-count) stat ion should be
installed for every 20 to 25 coverage count stations.
3.3 Notes on Coverage Count Stations
Experience and knowledge are paramount to establishing proper
guidelines for where and when to place count stations. This is especially
true when using coverage count stations.
Once data is collected, the
operator should use their intuition to determine the validity of the counts
(i.e. counts should increase towards traffic generators). It is also quite
important that count stations be checked regularly to ensure that they are
func t ion i ng as expected.
For cover age count stat ions , it is recommended
that they be checked daily while in operation. Please refer to Appendix Al
and A2 for operating procedures for both a road tube and magnetic sensor
counter, respectively.
The road tube and magnetic sensor operating
procedures are for the devices that are offered for loan from Indiana LTAP.
3.4 Sharing Information
The writers of these guidelines would like to stress that information
sharing is an excellent way to cut cost. Each agency should discuss their
proposed traffic counting program with their surrounding agencies so that
data collection is not done twice in the same area. By sharing the data
obtained, each agency can share the cost burden and therefore save time and
resources. Another location where traffic data can sometimes be obtained
is from INDOT.
Be mindful, however, that INDOT wi 11 only have data for
local roads that intersect with state routes, more specifically, only those
intersections that are directly involved in a rehabilitation project
initiated by INDOT. Please understand that INDOT does not have data on all
local roads that intersect state routes and therefore should only be
contacted if it is known that the local road in question has been involved
in an INDOT transportation project.
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3.5 Count Intervals
When counting vehicles, the key to remember is that shorter count
intervals are better than longer intervals. Remember that intervals are
defined as the time increments that the total duration will be divided into
for purposes of observing the traffic volwne variation over the total
count . As the device is performing a count , it wi 11 organize the count
into increments to al low for an analysis to be made as to when the peak
flows occurred as wel 1 as to reveal any erroneous counts that may have
occurred throughout the count duration due to faulty equipment or other
reasons. Typically, there are two time increments that counts are recorded
for. These are either 15-minute or 1-hour intervals. The interval over
which incremental counts are recorded depends upon the device that an
agency is using. One hour intervals are generally used when the primary
interest is the ADT for a road segment.
Fifteen minute intervals are
generally used for intersect ion studies during peak periods of use.
Obviously, the shorter the count intervals, the better will be the analysis
of the data.
3.6 Vehicle Classification
In addition to voltune counts, a record of vehicle classification
percentages should also be made. This will help in converting axle counts
to vehicle counts if the counter in place is not capable of counting actual
vehicles. By recording vehicle classification, an agency can also monitor
the types of vehicles that travel their roads. This information can assist
the agency in a variety of ways including pavement design. The fol lowing
is a list of the 13 FHWA vehicle classes obtained from the 2001 edition of
the TMG:
a) Class 1 - Motorcycles;
b) Class 2 - Passenger cars;
c) Class 3 - Other 2-axle, 4-tire single-unit vehicles;
d) Class 4 - Buses;
e) Class 5 - 2-axle, 6-tire, single-unit trucks;
f) Cl ass 6 - 3-axle, single-unit trucks;
g) Class 7 - 4+ axle single-unit trucks;
h) Class 8 - 4 or fewer axle single-trailer trucks;
i) Class 9 - 5-axle single-trailer trucks;
j) Class 10 - 6+ axle single-trailer trucks;
k) Class 11 - 5-axle multi-trailer trucks;
1) Class 12 - 6-axle multi-trailer trucks;
m) Class 13 - 7+ axle multi-trailer trucks.
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In general, however, it is often practical and recommended by the TMG
to consider a classification system that is composed of the following
generalized vehicle classes:
a) Passenger vehicles (motorcycles, cars, and light trucks);
b) Single-unit trucks (including buses);
c) Single-unit combination trucks (tractor-trailers);
d) Multi-trailer combination trucks.
Jurisdictions may also decide to merely group all vehicles not
considered passenger vehicles into one group.
This approach is quite
simplified but sometimes quite effective. If this approach is done, please
note that conversion to MDT wi 11 contain more error than would otherwise
be present if the 13 FHWA adopted classes were fol lowed. Whichever set of
vehicle classes used, it is important to be consistent over each entire
jurisdiction. For uniformity and ease, vehicle classes will be referred to
according to their class number for the remainder of this document. Please
note that these classes are the federally recognized breakdown of vehicle
type. Any correspondence and submittals made to the FHWA will need to have
followed this vehicle classification system.

3.7 Summary
This section has discussed the necessary planning processes that must
be accounted for when developing a traffic counting program.
Each
jurisdiction must address their own needs to determine a specific plan and
By sharing information, neighboring
subsequent layout of counters.
districts can drastically cut cost associated with an individual traffic
count program. Also included in this section was a discussion of the 13
FHWA vehicle classes.
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SECTION 4:

ANALYSIS OF DATA

4.1 Overview
This section will describe, in detail, the steps that need to be
taken when analyzing data obtained from traffic counters in the field.
Included is a discussion on factor calculation for adjustment of raw data
to account for variations in monthly cmmts as wel 1 as how to apply these
calculated factors to raw data.
Also, a discussion will be made on the
process taken to convert data collected in the form of axle counts into a
traffic cmmt adjusting for vehicle classification.
Knowing that
sufficient data is not always available, a discussion wi 11 be made as to
reasonable assumptions that can be made to estimate adjustment factors.
4.2 Traffic Count Variations
As was mentioned previously, traffic counts can and do vary
substantially over time.
It has been noted that traffic will vary
according to hour of the day, day of the week, and month of the year.
These can be caused by any one of a variety of causes. Some of the more
obvious causes include seasonal changes, special events, and routine peak
times such as rush hour.
In a perfect situation, a permanent count stat ion would be placed on
every street and road. This way, all counts would be exact and no error
would need to be introduced.
This, however, is not feasible therefore
requiring an interpretation to be made of short counts repeated on a
regular cycle (minimum of once every 6 years). This interpretation is only
as reliable as the adjustment factors that are used to make them.
This
being said, careful consideration must be taken when applying adjustment
factors to traffic cmmts so as to minimize the error introduced by their
use.
4.3 Heavy Vehicle Adjustment
Prior to any adjustment factors to accotmt for traffic variations, a
count must be converted to a volume in units of vehicles. As was mentioned
previously, if a traffic cmmter is only capable of measuring axle counts,
a conversion is necessary to adjust those cmmts to munber of vehicles.
This process is dependent upon the classification of the vehicles that
caused the axle cotmt. The classification system to be used was discussed
previously in Section 3.6 of this docwnent. Because vehicle classification
might not always be available for the particular cmmt that is of interest,
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an agency may need to look at another road of similar volume and geometry
to determine appropriate values for volume breakdown.
This adjustment
process might be more easily represented with the following example.
Due to lack of funds to purchase newer equipment, City of
Example 4.1:
Purdue was forced to use a single tube counter to measure volume on Gold
Street. Gold Street is a two-lane, two-way, city street. After a 48-hour
count period, the counter was removed and the data obtained.
The final
count was 10,500 axles. Because AADT is in units of vehicles, this value
must be converted to a final
count having units of vehicles.
Unfortunately, there is no data on record that provides a vehicle breakdown
for this particular street.
Because the characteristics of Black Street
match those of Gold Street, characteristic data from Black Street can be
used to estimate traffic characteristic data for Gold Street. The data for
Black Street is as follows: 60 % Class 2, 10 % Class 3, 10 % Class 4, and
20 % Class 6 vehicles. What is the aforementioned axle count in units of
vehicles? The representative equations and constants for this problem are
listed below. Note: The axle counts for each vehicle class were obtained
by referring to Section 3.6.

where, AC
VC
C2
A2
P2
C3
A3
P3
C4
A4
P4
C6
A6
P6

= Axle Count = 10,500;
=Vehicle Count;
=Class 2 Vehicle Count;
=Axle Count per Class 2 Vehicle =
= Percentage of Class 2 Vehicles =
=Class 3 Vehicle Count;
= Axle Count per Class 3 Vehicle =
=Percentage of Class 3 Vehicles=
=Class 4 Vehicle Count;
= Axle Count per Class 4 Vehicle =
=Percentage of Class 4 Vehicles=
=Class 6 Vehicle Count;
= Axle Count per Class 6 Vehicle =
= Percentage of Class 6 Vehicles =

2;
0.60;
2;
0.10;
2;
0.10;
3;
0.20.

Substituting and rearranging yields the following equation:
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VC=~~~~~_A_C~~~~~
P2 * A2 + P3 * A3 + P4 * A4 + P6 * A6

Therefore,
VC=~~~~~l0_,5_0_0~~~~0.60 * 2 + 0.10 * 2 + 0.10 * 2 + 0.20 * 3

or VC = 4, 773vehicles
Now that the count has properly been converted to units of vehicles,
the 24-hour count volwne can be determined by dividing the above vehicle
count by two, since it was a 48-hour count. It is then that the proper
adjustment factors can be added to yield an AADT value for Gold Street in
the City of Purdue. The process for obtaining values of AADT will be
demonstrated later in Example 4.4, in Section 4.5.
Although the above is the preferred method, the writers of this
docrnnent have put together a simpler method that does not require knowledge
of traffic characteristics. Al I that is required is the functional class
of the road in question and the total raw axle volrnne obtained from a valid
traffic count. Please note, however, that this method is a generalized
approximation and therefore should only be used if accurate knowledge of the
traffic characteristics is not available. This approximation is outlined
below in Table 4.1. As can be seen in the table, assumed traffic
breakdowns have been presented for several of the functional classes
developed by INDOT. Due to the nature of this docrnnent and its intended
readers, only those functional classes that were viewed as relevant have
been included in the table. Be aware, however, that the values presented
below are the result of a modification of data provided by INDOT and are
intended to be used cautiously. More specifically, this modification
consisted of the grouping of vehicle classes to allow for easier use and
application. Please note that the results below were developed from data
obtained between the years 1999 to 2003.
Table 4.1: Simplified Assumptions for Vehicle Classification

Rural
Urban
Urban
Urban
Urban
Urban

Local Road
Freewa /Ex resswa
Princi al Arterial
Minor Arterial
Collector
Local Road

e
93.65%
89.39%
93.34%
88.25%
93.67%
95.37%
96.24%
98.49%

Percentage Vehicle Type
3- le
1.19%
1.65%
1.55%
0.97%
0.80%
1.09%
0.83%
.40%

4 or more Axles
5.16%
8.96%
5.11%
10.78%
5.53%
3.54%
2.93%
1.11%
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The necessary process that should be followed when using Table 4.1 is
best presented through use of an example. Example 4.2 is a modification of
Example 4.1.
Example 4.2:
Due to lack of funds to purchase newer equipment, City of
Purdue was forced to use a sing 1e tube count er to measure volume on Go 1d
Street. Gold Street is a two-lane, two-way, city street. After a 48-hour
cotmt period, the counter was removed and the data obtained.
The final
count was 10,500 axles. Because AADT is in units of vehicles, this value
must be converted to a final cotmt having tmits of vehicles.
Unfortunately, there is no data on record that provides a vehicle breakdown
for this particular street.
Therefore, referring to Table 4.1, vehicle
breakdown can be estimated. The characteristics of this road cause it to
be labeled as an urban local road and the corresponding percentages from
Table 4.1 are: 98.49 % (2-axle), 0.40 % (3-axle), and 1.11 % (4 or more
axles).
Aware that trucks with more than 4 axles are rarely present on
this section of road, it is assumed that a 4-axle truck is the largest
vehicle that travels this road. What is the aforementioned axle count in
units of vehicles? The representative equations and constants for this
problem are listed below.
AC = X2*2

+ X3*3 + X4*(4

or larger)

X2 = P2*VC; X3 = P3*VC; X4 = P4*VC
where, AC
VC
X2
P2
X3
P3
X4
P4

=Axle Count = 10,500;
= Vehicle Cotmt;
= 2-Axle Vehicle Cotmt;
= Percentage of 2-Axle Vehicles = 0.9849;
= 3-Axle Vehicle Count;
= Percentage of 3-Axle Vehicles = 0.004;
= 4-Axle Vehicle Count;
=Percentage of 4-Axle Vehicles = 0.0111;

Substituting and rearranging yields the following equation:

VC=~~~A_C~~~
P2 * 2 + P3 * 3 + P4 * 4
Therefore,
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VC=~~~~l_0_,5_00~~~~
0.9849 * 2 + 0.004 * 3 + 0.0111*4

or VC = 5,21 Ovehicles
4.4 Coverage Counts (48-hour Duration)
As was discussed previously, the ADT for an average weekday can
easily be obtained by performing a 48-hour count and determining the 24
hour average volrnne. This, however, does not provide the AADT. To obtain
this important value, an agency must apply a seasonal adjustment factor.
These factors are obtained by analyzing a large amount of data provided by
a permanent count station.
Due to the lack of funding necessary to inst al 1 and maintain a
permanent count stat ion, most local agencies are not equipped with an
adequate amount of data necessary to determine the adjustment factors.
Fortunately, reasonable values have been generated and are available upon
request by contacting the following INDOT representative:
Traffic Statistics Supervisor
INDOT Planning Division
(317) 233-1166
These factors are determined annually for each month as wel 1 as for
each travel group listed previously in Section 3.2.1.
The reason that
these factors are determined for each month and therefore do not
discriminate against which day the count was taken on is because of the
relative homogeneity that has been observed over time. In Indiana, studies
have shown that traffic variations are relatively nonexistent when looking
at the days of the week that are considered weekdays, namely 12:00 Noon
Monday through Friday before 12:00 noon. Because of this, factors provided
by INDOT assrnne a daily variation factor of 1.0.
Each agency must be aware that the factors are based on the travel
groups 1i sted and must therefore be used with caution.
Be careful to
thoroughly consider the specific characteristics of each road or street for
which a voltune count must be adjusted.
For information purposes, a
discussion will be made as to how these factors can be obtained if adequate
data is available.
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For reference purposes, sample sheets of what would be provided by
INDOT have been included in this document and can be found in Appendix A.5
and A.6.
Appendix A.5 contains Table A5.1 which is a summary of the
seasonal adjustment factors by function class from 2000 to 2004.
These
factors are to be used to expand 24-hour counts into an estimate of the
AADT for the road (or street) in question.
Appendix A.6 contains Table
A6.1 which is a summary of the annual growth factors by function class from
1995 to 2004.
These factors are to be used to adjust an AADT from a
previous year to the current year. Both of these are for example purposes
only and it is recommended that each jurisdiction obtain the most current
values for these factors from the aforementioned agency at INDOT.
4.5 Determination and Application of Daily and Monthly Variation Factors
The following tables and subsequent discussion will outline the
procedure that should be taken to manually determine variation factors .
Please note that the numbers included in the tables are for example purposes
only and therefore do not represent actual data or factors. The included
numbers are not to be used for any cal cul at ion outside of the examples
included within this document. The equations, however, are valid and are
to be used as presented.
The first table, Table 4.2, demonstrates the
computation of daily variation factors (which in Indiana are assumed to
equal 1.0).
The next table, Table 4.3, illustrates the computation of
monthly variation factors.
Table 4.2: Determination of Daily Variation Factors (*example numbers*)

In order to use Table 4.2 , an agency needs to have values for the
average annual volwne on each day of the week. This colwnn is denoted by
an asterisk (*) in Table 4.2.
These volumes can be obtained from data
provided by either a permanent count stat ion or a control count stat ion.
Whichever count is used, one must ensure that the data used is from a road
or street with similar characteristics as the road for which the volumes
are to be adjusted.
After inserting the appropriate values, daily
variation factors wi 11 be calculated and displayed on the far right of the
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It must be noted, however, that INDOT does not provide daily
table.
variation factors because it is assumed that no variation exists amongst
standard weekdays.
Table 4.3: Determination of Monthly Variation Factors (•example numbers•)

31
3
30
31

.2

6 5
7
806
885
87
71
867
835
8 3
7

.0
0.97
0.88
0.89
0.8
0.
0. 3
0.88
.07
7

v

In order to use Table 4.3, values for total monthly volumes need to
be known for each month.
This column is denoted by an asterisk(*) in
Table 4.3.
With these values, the table will produce monthly variation
factors which will be displayed on the far right of the table. Please note
that monthly factors are avai I able from INDOT and can be obtained by
contacting the Traffic Statistics Supervisor in the INDOT Planning Division
(see Section 4.4).
To use these factors, one must first obtain an ADT value. This can
Simi 1ar to INDOT, this document
be done by per forming a 48-hour count.
will not discriminate against the day of week. It is assumed that counts
are being performed on a standard weekday. The 48-hour count value is then
multiplied by the correct monthly adjustment factor depending upon what
month the count was taken 1n.
This process will be most easily
demonstrated with an example.
Example 4.3: Referring back to Example 4.1, the 48-hour vehicle count for
Gold Street was 4,773 vehicles. It is known that the count was performed
in September and that the factors derived previously in Table 4.3 are
representative for a road of this type and characteristics. What is the
adjusted AADT for Gold Street?
ADT = 4,773vehicles
2days
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ADT = 2,387vehicles/day

From Table 4.3, the adjustment factor for the month of September
Therefore, the AADT is:
AADT=0.90*2,387vehicles/day

= 2,148

IS

0.90.

vehicles/day

4.6 Generalized Expansion Factors for Travel Groups II and V
Given the limited budgets of many jurisdictions within Indiana, the
writers of this document decided to investigate the possibility of trends
in count data obtained for these two common travel groups.
After a
substantial amount of data was collected and analyzed, it was observed that
there exists no accurate trend and therefore a generalized set of hourly
expansion factors for these travel groups could not be developed for use on
Indiana roads and streets. Although no accurate trend existed, limited use
expansion factors were none the less obtained from the data and have been
prov i <led in Tab 1e A9. 1 in Appendix A9.
P1ease note:
These expansion
factors should be used as a last resort due to the high probabi 1i ty that
they will produce daily counts that vary significantly from the true 24-hour
count.
This being said, the authors of these guidelines recommend that
full 24 hours counts be performed.
4.7 AADT Counts Available from INDOT
Available for use is a database of AADT values for maJor road
segments in each county within Indiana.
These counts can be found at
http://www.ai.org/clot/cliv/traffic/count and are organized according to
county and year referenced. For ease of use, a map has been provided with
the counts to allow for quick reference. When using these values, it is
important that they be adjusted to represent present year predictions using
the process described earlier in this section. Attached in Appendix AS IS
an example of a county flow map that is provided at the above website.
4.8 Summary
This section has served to highlight the process that should be taken
when analyzing data obtained from performing a field count of traffic.
Included in this section was a discussion on adjustments that need to be
made to axle count data to account for heavy vehicles. Also discussed was
the process to be taken for determining adjustment factors for daily and
monthly variations as well as the steps taken when applying them to raw
data.
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SECTION 5:

SAFETY FIRST WHEN PLACING AND MAINTAINING VEHILCE COUNTERS

5.1 Overview
This section includes a brief discussion on the safety measures that
are to be taken when performing traffic counts.
As is quite obvious,
placing a traffic counter across lanes of traffic can be and is quite
dangerous. Proper procedures should be followed in order to prevent injury
or even death.
5.2 Safety Procedures
When considering what safety procedures, the writers of this docrnnent
strongly recommend that all personnel involved with the placing and
operating of traffic counters are properly trained prior to being placed in
the field.
A free training video is available from the Indiana Local
Technical Assistance Program (Indiana LTAP). This video is approximately
30 minutes in length and covers the key points of safety that must be
acknowledged in order to prevent injury or even death when placing traffic
counters.
The following list is a brief summary of a few of these key
points to take into account:
• Always work in teams of 2 or more;
• Always wear an appropriate traffic safety vest;
• Always attach functioning strobe lights to work vehicles;
• Al ways use a fl agger for two-way, two 1ane-roads;
• Completely prepare all materials and equipment prior to going to the
field so that installation time is minimized;
• Always pull vehicle onto the right shoulder when working in lanes of
traffic;
• Refer to the Manual of Uniform Traffic Control Devices (MUTCD) for
all pertinent material for the given section of road;
• Fol low al 1 manufacturers' operational guidelines (refer to Appendix
A2 and Appendix A4 for the operational guidelines for the traffic
counters available for loan from Indiana LTAP).
5.3 Summary
This section has discussed, in minor detail, some of the many safety
measures that shal 1 be taken when performing traffic counts in the field.
As a reminder, it is strongly recommended that all personnel be trained
prior to being placed in the field and that a training video can be
obtained, free of charge, from Indiana LTAP.
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APPENDIX Al:

LESSONS LEARNED FOR ROADWAY DATA® ROAD TUBE SYSTEM

The following list is a srnnmary of the key lessens that have been
learned through experience with road tube traffic counting systems. These
are not meant to be all inclusive and are simply discussed for purposes of
improving the counts acquired while using this equipment.
It should be
noted that some, or al 1, of the fol lowing are discussed in some form within
the operations manual for this counter.
The key points listed were,
however, determined to be important enough so as to be listed here in the
brief list:
• Tubes must be stretched by an additional 10 % of their length;
• The free end (end not attached to counter) must be completely plugged
to prevent any leaks;
• Each tube must be anchored to the road at a regular interval of 24 to
48 inches using appropriate securing devices (be careful not to pinch
off air flow within tube by placing securing devices too tightly);
• The counter must be securely attached with a chain to an i1nmovable
object (e.g. a sign) near the location where the counts are being
performed;
• The counter should be placed on straight segments of road (avoid
placing on curved sect ions to prevent damage to the tubes due to
sideways sliding of vehicles passing over the tube system);
• Maximize distance from points of discontinuity (i.e. where traffic 1s
either starting or stopping);
• Do not use counter when snow is expected.
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APPENDIX A2:

OPERATION PROCEDURES FOR ROADWAY DATA® ROAD TUBE SYSTEM

Note: The following operation procedures are included with the direct
permission from Roadway Data®.
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ROADRUNNER

Quick Start Guide_______~

Connect The Road Runner™

A

When unpacking the counter please make sure the following items are
included:
• Traffic Counter
• Serial Interface Cable
• End Caps (Attached to road tube nozzles)
• Serial Port Cover (screw insert on unit faceplate)

B

To connect the Road Runner™ to a PC, first download the Traffic Viewer software available
online at www.roadwaydata.com.

C

To install the Traffic Viewer software, click on the downloaded executable file to install on the
PC. Follow the installation screens and click OK to complete installation of the software.

D

Connect the serial cable to the PC and to the Road Runner™ and
check to make sure the connector is inserted all the way. Start the
software by clicking on the desktop icon.

E

With the unit connected Click the Unit Settings"
button then click on Reset Un if' to set the clock and
clear the memory.

11

m

Traffic Viewer v1 . 3.0 . 2

11

ROADRUNNER

-

Dwel 1 40ms-

-

TimeStamp (540KB]

,V2.01

Dwell 2 ,40ms

s/n: RD84295

In the Unit Settings window enter up to a 30
character ID string into the unit for site ID or unique
study ID.

I

- - --

ID: :;<"'> ?@ABCDEFGHIJKLMI\

l::::~
Showlive
Open F~e

Slarl Dale
:08129/0S

Slarl Time

NOTE: The unit is always on and in
collection mode, be sure to clear the
memory and repeat this step before
each stud

r

Meaior1 Usage

;i1 : ~
'. COMl Opened.

-

,Unit connected.

Preferences

'.0% -

Quit

-

I
I
I
I

-

Proceed to Step 2.
See next page >

I.

fj

Set out the Road Runner™

A

Before proceeding to site installation, the following items will be needed:
• Traffic Counter
• DataViewer *
• Road tube (%" , Mini, or CityTube ™) =<30ft per channel
• End plugs for road tube
• Nails, clamps and/or tie downs for road tube
• Lock and chain (for securing counter unit)
• Safety equipment and tools needed for installation on roadway (refer to road
tube installation guide at www.roadwaydata.com).

B

Survey the site to verify free flowing traffic and no slow
or stopping traffic will cause faulty data. Set out the
road tube to match configurations as shown in the side
diagrams depending on road layout and data needed.
NOTE: The Classifier can also be used
as a count only unit. Once data has
been downloaded, the layout can be
chosen for either class or count outlined
in ste_Q three of this _g_uide.

C

Count Only (volume time interval):

Classification (speed & axle):

Check to make sure road tube is secure to the road, then
attach to the Road Runner™ A (and/or B) channel of the
counter. Plug the DataViewer* in to monitor the unit as
traffic crosses the site.
NOTE: The DataViewer* is optional, it
provides verification of tube and unit
operation on site, contact Roadway
Data for details. •=optional

D

Secure the counter unit to a solid sign post or other similar roadside object to prevent theft and
vandalism. It is best to place the unit so it is out of plain view or away from the road to deter
tampering.

Proceed to Step 3.
See next page >

fj

Collect Data from Road Runner™

A

When removing the unit from the site, check to see tubes are still intact and that the connection
to the unit is secure to verify no tampering has been done to interrupt data collection.

B

Connect the serial cable to the PC and to the Road Runner™ and
check to make sure the connector is inserted all the way. Start the
Software by clicking on the desktop icon.

C

Once the software has connected be sure to
verify the clock and then click the "Dump Data"
button to start the data download. The Header
Information screen will appear. Type in the
Location identifier and any comments needed to
be stored in the header for later reporting and
exporting.
Verify that hose setup is correct by checking the
picture layout and change if necessary by using
the provided check options on the left.
Click the "Continue" Button to start data dump.

Header lnfomlation
Location
Comments
Posted Speed

J

(optional·· displayed on speed reportsle><ports)

Mecm.re j English

3

Classfoation Mode jFHWA

r
Hose Setup

P

r
r

P

r

Hose BDwel ~ ms

::.pacing Unknovvn or 1'.l.:·:le H1L Orrly

Toggle A/B hose

•

Single Lane
Multi-Lane
Median

A·

lSI;:;oie·Hc;s-~
·5-~;·i/L;;j'Hose

Cancel

D

Hose A Dwel ~ ms

3

j

I

Lane Direction/Name

,

jNorth Bound

Continue >>

:!J

I

Once downloaded, the data can be saved, printed or exported accordingly. For support or help
with your counter please contact us at support@roadwaydata.com

Roadway Data carries a complete product and accessories catalog. Check out our website for
products and accessories at www.roadwaydata.com or request a catalog at sales@roadwaydata.com

D

.n OADWA_Y-"'-4~TA

I f4

P.O. Box 330
46442 Stone Court
Westfir, Oregon 97492

phone 541.782.2772
fax
541.782.4730
email sales@roadwaydata.com

General Guidelines for Road Tube Installation
The following guide is a reference for installing road tubes for portable counting and
classification purposes. This guide is meant to help you insure that installation is done properly
and safely. Please make sure to take caution when out on the road to avoid injury or possible
death.

Safety
1. Working in the roadway is dangerous. Make sure drivers can see
you. Wear a bright orange or yellow safety vest and hat at all
times.
2. Don't assume that drivers always see you. Never turn your back
on traffic.
3. Don't assume that drivers know which direction you are going to
move next. They may steer the vehicle into the vacant space that
you were planning to use as a safe refuge. Always stay clear of
roadway when traffic is approaching.
4. Don't hold onto the road tube while vehicles drive over it. They
can snag the tube pulling it through your hands.
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Supplies

•

Useful hardware to have on hand to make the life of the field man easier:
• Four pound sledge hammer
• Gloves
• Pry bar to remove nails
• Duct Tape
• Six foot lengths of chain
• Padlock(s)
• Tape measure
• Safety vest and hat
• Road tube end plug(s)
+ 2 % and 3 % concrete nails
• 12" dirt spikes
• A selection of your favorite road tube grips and anchors.
• Road tube(s) and traffic counter(s)
11

11
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Procedure
•

•

•

•

Use rubber tubing that is designed for vehicle counting. Normally this tubing has a
9/16" outside diameter and either 3/16" or 1/4" inside diameter. We recommend that you
use the 1/4" inside diameter.
Use road tube made from 60% natural rubber from rubber trees or EPDM, which is a
synthetic rubber. The EPDM generally costs less and works well except it tends to be
stiffer and less resilient than the natural road tube in cold weather (freezing or below).
Keep the length of the road tube no shorter than 30 feet and no longer than 100 feet.
The ideal length is 40 to 60 feet. Road tubes shorter than 20 feet will damage the air
switches very quickly.
The end of the road tube that is not connected to the
counter should have a plug in it to keep out water, dirt
and insects to allow the air switch to function properly.
A concrete nail will work in a pinch however they will
work themselves out of the tube over time.

(Road tube plug being mserteo. J

•

•

The road tube needs to be secured to the road at the edges of the road. If the distance
between securing devices is over 50 feet you should have a securing device in the
middle to keep the tube from bowing or drifting at the center.
Lay the road tube out so that it is perpendicular to traffic flow. You want vehicles to
stroke the tube squarely so that both of the front tires hit at the same time. If the tires hit
at different times you may get an inaccurate test.
Make sure that you stretch the road tubes about 10%-30%.

•

Plug the tube into the counter. (picture shown right.)

•

Checking the tubes
•

•

•

(Road tube being connected.)

Road tubes can have holes or cuts in them. We recommend that you check the tube for
holes at 2 to 5 PSI of air pressure with the tube submersed in water. If there are any
bubbles then the tube is bad.
Road tubes can contain water in them from rain; one tablespoon of water can stop the
pulse from reaching the counter. To remove water start from the far end of the tube and
raise it to chest height then slowly walk the length of the tube causing each section to
be raised.
Dirt and insects can get into the tube; clear out tube with compressed air.
Copyrighf ©1991-2005 High Leah Electronics, Inc.

•
•

Bend the tube over your finger and look for small cracks that indicate that the tube is
going bad.
Make sure that tubes used for classification are the same length. If they are more than
6 inches in difference, you need to cut them to be equal length.

Selecting your counting site
•
•
•
•

Pick a spot preferably on a straight, flat roadway with free flowing traffic between 10 and
70+ mph. Diamond air switches will work consistently down to 6mph and up to 1OOmph.
Stay away from traffic signals and other places where cars are likely to stop, drastically
slow down or speed up.
Avoid rutted and potholed roads. They cause the road tube to slap and could make the
counter double count.
Hills and off ramps can be counted, but take precautions to prevent the tube from being
rolled or pulled down the road causing tears in the tube and inaccuracy in speed
calculations. Use road tape to secure the tube in each lane to the road surface for best
results.

Avera

•

Su

ested Tube s
4'
6'
8'
10'

•

Measure the tube spacing at both
ends to insure accurate classification
and speed calculations. (Shown at
the left)

•

We recommend that you secure the
end of tube opposite the counter
first. Take two or three nails, a
hammer and your tube to the far side
of the road and drive the nail into the
asphalt, concrete, or dirt.

Hook your securing hardware that you pre-attached to
the end of the road tube over the nail's head (shown at
the right). When you have plenty of space between
traffic, lay out the road tube across traffic lane or lanes.
Copyright ©1991-2005 High Leah Electronic

(Properly set up figure 8 fastener)

•

Drive a nail into the road edge on the side of the counter
so that the tubes are perpendicular to the road. (shown at
the right)

(Properly driving in a nail)

•
•

Do not hold onto a road tube when a car drives over it. Occasionally a vehicle can
"grab" the tube pulling it and all of the metal attached to it right out of your hands
When you install the second tube, make sure that your spacing is correct, and follow the
above directions.
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APPENDIX A3: LESSONS LEARNED FOR NU-METRICS® MAGNETIC PLATE SENSOR
The fol lowing 1ist is a summary of the key lessens that have been
learned through experience with magnetic plate traffic counting systems.
These are not meant to be al 1 inclusive and are simply discussed for
purposes of improving the counts acquired while using this equipment.
It
should be noted that some, or al 1, of the fol lowing are discussed in some
form within the operations manual for this counter. The key points listed
were, however, determined to be important enough so as to be listed here rn
the brief list:
• The counter should be placed on straight segments of road;
• Maximize distance from points of discontinuity (i.e. where traffic is
either starting or stopping);
• Do not use counter when snow is expected;
• Tape coat is often more reliable than the cover plate because it does
not pull up as easily (see below for details concerning the purchase
of tape coat);
• When using tape coat, wrap the counter in plastic wrap prior to
attaching to the road (tape coat wi 11 stick to the counter and is
very difficult to remove);
• Place counter in the center of each lane of traffic to be counted
(the counters are rated for a 3 foot radius so the counter must be
placed as far from adjacent lanes as is permissible to prevent error
in the counts due to traffic in the adjacent lane);
• Remember that these counters are magnetic and therefore do not have
to be physically struck by the tire of the passing vehicle in order
to operate.

Note:
Tape coat can be purchased from a variety of vendors.
There are
also different types of tape coat depending on weather conditions (i.e.
summer versus winter).
Please refer to the 1ist of traffic counter
suppliers provided at the end of this docrnnent for some of the many
suppliers. Tape M860 is recommended for this application.

34

APPENDIX A4: OPERATION PROCEDURES FOR NU-METRICS® MAGNETIC PLATE SENSOR
Note: The following operation procedures are included with the direct
permission from Nu-Metrics®.
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1.0 INTRODUCTION

HI-STAR™
VEHICLE MAGNETIC IMAGING
TRAFFIC ANALYZERS
MODELS NC-97 AND NC-47

OPERATIONS MANUAL
TABLE OF CONTENTS
SECTION & DESCRIPTION •••••••• PAGE NO.
1.0 Introduction •••••••••••••••••••• 2
2.0 Battery Charging and Care ••••••••• 2
3.0 Communication With the HI-STAR ••••• 2
4.0 Frame Mode and Verification •••••••• 3
5.0 Time to Start (Cold Start) •••••••••• 3
6.0 Programming the HI-STAR ••••.••••• 3
7.0 Installation •••••••••••••••••••• 4
8.0 Downloading Data - Reading a HI-STAR • 6
9.0 HI-STAR Maintenance •••••••.••••• 6
10.0 Error Messages and Troubleshooting •• 7
11.0 Limited Product Warranty •••••••••• 7
12.0 Limited Warranty on Media ••••••••• 7
13.0 Disclaimer of Warranty on Software ••. 7
14.0 Limitation of Liability •••••.••••••• 8
15.0 Service of Your Equipment •••••••••• 8

HI-STAR Traffic Counters, Models NC-47 and NC-97, are self-contained
vehicle detectors that require no external sensors. HI-STAR counters are
installed In the center of the traffic lane so that motor vehicles pass over
or near the counter. No physical contact by a vehicle is necessary. HISTAR traffic counters use Vehicle Magnetic Imaging (VMI) to detect
vehicles as they move through the Earth's magnetic field. Every motor
vehicle has parts that are constructed from iron metal. When a vehicle
passes over the HI-STAR counter, the metal parts interfere with the
Earth's magnetic field. This disturbance creates electrical signal changes
in the HI-STAR sensors. As a result, the HI-STAR can count each vehicle,
determine presence, measure vehicle speed, record vehicle length and
report highway occupancy.
The HI-STAR Model NC-97 also reports road surface temperature and a
wetjdry status condition. The recording of temperature and wet or dry
pavement is an important measurement when integrated with traffic data.
Temperature and wetjdry conditions are used along with traffic volume
data to compute the affects of air pollution. The same data is also
important in conducting accident analysis or performing an analysis on
how weather affects traffic flow and congestion.

2.0 BATTERY CHARGING AND CARE
NOTE: The maximum length of a traffic study depends on battery life
and number of available time periods. Refer to the electronic manual on
the CD provided for detailed information.
The HI-STAR battery pack consists of rechargeable Nickel Metal Hydride
batteries. If you are uncertain of the battery capacity, recharge the HISTAR for a minimum of 12 hours prior to use. The HI-STAR will shut down
at the preset minimum battery voltage level. When the battery voltage
drops to this shut-down point, the unit should be recharged as soon as
possible to assure recovery of any recorded data.
To charge the batteries, first insert the charging plug into the HI-STAR
connector pins. Next, insert the wall charger transformer into the 115vac
(220vac in some countries) outlet. The HI-STAR will then begin charging.
NEVER plug the charger into the wall socket prior to inserting the
connector into the HI-STAR and always disconnect from the wall outlet
prior to removing the connection from the HI-STAR.

This manual contains general information and basic operating
Instructions for the HI-STAR Traffic Counters. This manual is provided
for reference purposes and as a quick guide for users that are
somewhat familiar with the equipment. If you are a first time user or
have not yet Installed the necessary HI-STAR Data Management
(HDM) Software on your computer, please do so at this time. Follow
the Instructions on the CD provided for Installation of HDM and refer
to the electronic manual included on the CD for detailed information
and procedures.
1

3.0 COMMUNICATION WITH THE HI-STAR
A communications connector exists on the HI-STAR counter to allow
programming of the counter set-up routine and retrieval of recorded data.
Both the input and output are RS-232 and communicate at 9600 baud to
a laptop or desktop computer (PC). The Nu-Metric's Model IP-10A
Interface Adapter & HI-STAR Data Management (HDM) software are
required for communication between the HI-STAR and the computer. HDM
uses the standard dBase Ill file format and is designed to organize and
output a large array of important traffic data in reports, charts, or
histograms.

2

HI-STAR counters should never be stored in a metal area or container
that would allow contact with the electrical connector pins. This could
result In the unintentional shorting of the power On pin, which may
deplete the battery or Interrupt a planned study.

10.0 ERROR MESSAGES & TROUBLESHOOTING
Refer to the electronic manual on the HOM CD for detailed information.

11.0 LIMITED PRODUCT WARRANTY
General Coverage: Nu-Metric's equipment and Instruments (but not
computer products covered by other manufacturers warranty) are
warranted to the owner for a period of one year from date of original
purchase against defects In manufacture. This limited warranty is given by
Nu-Metrics Incorporated and not by the distributor, dealer, agent, or
representative from whom the equipment was purchased.
What Nu-Metrics will do: If the equipment develops a defect In
manufacture within the one year period, it will be repaired or replaced at
our option, providing you supply proof of purchase, date of purchase and
cover all cost of shipping. Nu-Metric's return policy is 25% restocking fee
if returned within 30 days In original condition and original shipping
containers. No product will be accepted for exchange or refund after 30
calendar days from the date of invoice.
The Limited Warranty Does Not Cover: Nu-Metrics will not repair defects
related to servicing not performed by Nu-Metrics Inc. or a Nu-Metrics
authorized Service Center. Nu-Metrics will not provide any warranty if your
Instrument shows evidence that It has been disassembled, tampered with,
damaged, misused, abused, or altered. Nu-Metrics will not provide any
warranty and Is not responsible for damages or personal loss due to
improper installation or operation.

12.0 LIMITED WARRANTY ON MEDIA
Nu-Metrics warrants the dlsk(s) or CD(s) on which the Software is
recorded to be free from defects in materials or faulty workmanship under
normal use for a period of ninety (90) days from the date of Invoice as
evidenced by a copy of the sales invoice. Nu-Metrics will, at its option,
replace or repair any defective disk(s) or CD(s) at no charge to you,
provided you return the faulty dlsk(s) or CD(s) with a copy of the original
sales Invoice to your authorized distributor or to Nu-Metrics. Nu-Metrics
or any distributor, dealer, agent, or employee shall have no responsibility
to replace or refund the purchase price of a disk(s) or CD(s) damaged by
accident, abuse, or misapplication. Any Implied warranties on the disk(s)
or CD(s), Including Implied warranties of merchantability and fitness for a
particular purpose, are limited In duration to 90 days from the date of the
original Invoice.

not limited to the implied warranties of merchantability and fitness for a
particular purpose.
Nu-Metrics does not warrant, guarantee, or make any representations
regarding the use or the results of the use of the software or any
accompanying written or electronic materials In terms of their
correctness, accuracy, reliability, or otherwise. The entire risk as to the
results and performance of the software and written or electronic material
is assumed by the user. Nu-Metrics does not warrant that the software
will work correctly in a multi-user or network environment. If the software
is defective, the user, and not Nu-Metrics or Its dealers, distributors,
agents, or employees, assumes the entire cost of all necessary servicing,
repair, or correction. Some states do not allow the exclusion of implied
warranties, so the above exclusion may not apply.

14.0 LIMITATION OF LIABILITY
In no event will Nu-Metrics or Its developers, directors, officers,
distributors, dealers, representative, employees or affiliates be liable to
you for any consequential, Incidental or indirect damages (Including
damages for loss of business profits, business interruption, loss of
business Information, and the like) arising out of the use of or inablllty to
use the equipment, software, hardware or accompanying written or
electronic materials, even if Nu-Metrics or an authorized Nu-Metrics
representative has been advised of the posslbllity of such damages.
Because some states do not allow the exclusion or limitation of incidental
or consequential damages, the above limitations may not apply to you.

15.0 SERVICE OF YOUR EQUIPMENT
If your equipment should ever need servicing, you must contact the
distributor for your area or Nu-Metric's sales and service department to
acquire an RMA (Return Merchandise Acceptance) number to be included
with your shipment. Please provide a description of failure or discrepancy,
your name and phone number, complete return address, and desired
method of return shipment with any Items returned. Send It, freight
prepaid, to the distributor or if there is no distributor for your area, ship to
Nu-Metrics Service Center.
Service Dept. Phone: 724438-8750
Fax Number: 724438-8769
World Wide Web: http://www.nu-metrics.com
Email: sales@nu-metrics.com
Copyright 2000 © Nu-Metrics, Inc. - A Quixote Company
This Document contains or refers to information that is
protected by copyright or patents. Copying or other reproduction
or duplication of this document and associated software, for sale
or other distribution, is prohibited ~nd unlawful without the prior
written permission of Nu-Metrics.

13.0 DISCLAIMER OF WARRANTY ON SOFTWARE
All Nu-Metric's software (but not software covered by other
manufacturers warranty) is provided "as is" without warranty of any kind,
and Nu-Metrics expressly disclaimers all implied warranties, including but
7
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Nu-Metrics recommends operating HOM 8.0 with Windows 95, 98, 2000, NT and XP
operating systems. Windows ME does not seem to cause any issues at this point, but it
is not guaranteed to be problem free. If your problems started when you switched to a
different computer, chances of the computer being the culprit are very high.
The latest version of HOM is 8.0. If you do not have this version, it is highly
recommended that you contact your distributor to get it. If you have a previous Windows
version of HOM, you can download the new software from our website www.numetrics.com. Software installation instructions are available on the website as well.

Maintenance Tips:
•

•
•

•
•

•
•
•

Replace the battery in the IP-10A with a new 9-volt battery once a month.
Communication problems are frequently caused by a low battery in the IP-10A.
When no communication can be established with the counter, check another counter
for communication as well. If more that one counter fails to communicate, it may be
the IP-10A battery to blame. To be safe, replace the IP-10A battery often if you use
it frequently. If you do not use it frequently, change it the next time you use it,
especially at the beginning of the season after sitting for an extended period of time.
If you have a voltmeter, the battery should not be used in the IP-10A unless the
voltage is 8 volts or higher.
Charge counters for a FULL 12 HOURS before programming.
Important: When charging the Hi-Star, always plug the connector into the Hi-Star
before plugging the AC adapter into the wall socket. When disconnecting the Hi-Star
from the charger, always remove the AC adapter from the wall socket before
disconnecting the Hi-Star from the charger.
Note: Damage can occur to the electronics inside the counter if this charging
procedure is not followed.
Do not charge a Hi-Star after the counter has been programmed for a study. This
will cause an interrupt in the program and shut down the counter before the study
begins.
For roads with high salt concentrations, place tape over pins or place the counter in a
plastic bag. The conductivity across the pins can cause the counter to shut off.
Corrosion on the pins can cause failed communication.
If no communication can be established when reading the counter after a study,
charge it for ten minutes, and try again.

Updated: February 16, 2004
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HOM & Hi-Star Troubleshooting Guide
Section I: HOM

Installation of Highway Data Management - HOM 8.0 Upgrade
This is an UPGRADE to HOM Windows version 7.x or 8.x:

You MUST:
1.
2.
3.
4.

You must have a valid copy of either HDM 7.x or 8.x installed on your computer from an
original Nu-Metrics HDM CD.
That version must be registered on your computer. If the "About" screen shows a name in
the "Licensed To:" section, your version has been registered.
You must then uninstall that version before installing the upgrade or any version of HDM.
Now, you may install the HDM Upgrade. If you would like to receive HDM on CD, please
contact Nu-Metrics or your local distributor.

Download Instructions for:
HOM.zip (United States I Canada) & HOM Int.zip (Europe I International)

To Install HOM 8.0 from the Web:
•
•
•
•

•
•
•
•
•
•

Access www.nu-metrics.com and select "Software Downloads".
Save the download to a location on your computer. Avoid running it directly from the web.
After the download is complete, open Windows Explorer and find the folder where the files
are stored.
If the file cannot be found, select Start I Find I Files and Folders.
Enter "HOM.zip" or "HDMlnt.zip" depending on your location.
The utility will display the folder where the file is located.
Unzip HOM.zip (United States I Canada) or HDMlnt.zip (Europe/ International).
Files can be unzipped in the download folder or another folder if desired.
Run the Setup.EXE file. Follow the directions on the screen for installation information.
A prompt stating that the installation was successful will follow.
If any errors occur, record the exact error message and contact Nu-Metrics Customer Service
Department immediately.
After launching HDM, select HELP I About from the menu. A build number will be located in
the top right corner. If the build number listed above is not displayed on the screen, the
software was not installed properly.

What are the Benefits of Installing HOM 8.0:
•
•
•
•
•
•
•
•
•
•

Windows NT, XP, and 2000 compatibility issues with printing, graphing, and installing have
been resolved.
Computers with Pentium Ill processors are no longer an issue.
Easier navigation through the software has been implemented.
Reports and Graphs have been enhanced.
Graph driver installation issues have been resolved.
Crystal Reports 8.5 graph and report drivers have been implemented.
Ability to create .SET files (predefined general information and bin settings) without being
connected to a Hi-Star.
Ability to display Current.DAT and Program.DAT files from the HDM Software.
Improved Help files.
An improved HDM Manual is installed in the "C:\Program Files\HDM" folder and can be
printed for your reference.
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Problem:

Cannot print in Landscape

Possible Causes/Solutions:
• Windows NT does not allow the user to switch between Landscape and Portrait
mode. This is a limitation of NT, which has taken control of the printer orientation
and does not allow HDM to have control over it. If the user selects the requested
orientation as a "default" in the printer setup, then the proper orientation can be used
in HDM. We are working on a solution.

Problem:

Graphs will not print

Possible Causes/Solutions:
• The files needed to operate the graphs in HDM could not be installed on your
computer. Follow the instructions below to install the files:
• Close all applications.
• Select Start I Run.
• At the Command Line, type C:\Program Files\HDM\MFC42.EXE Explorer:
• When prompted to install, select YES.
• If prompted to reboot, select YES.
• Start the HDM software.
• Open a study, select a graph, and print it.
If the problem still exists, contact the Nu-Metrics Technical Support Department.
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Section II: Hi-Star

Common Problems with Hi-Star Product Line:
Including: NC-40, NC-90, NC-90A, NC-47, NC-97

Problem:

No Communication with Hi-Star

Error Message:

"No response from the unit! Check that the cable is
connected! Aborting ... Correct the problem and try again."

Possible Causes/Solutions:
• Check all connections of the cables from the computer to the IP-1 OA adapter and to
the Hi-Star. Inspect the connectors for any loose or broken pins.
• Check the serial port connection? Choose the correct serial port in the program.
• Is the LED on the IP-10A on? Try changing the 9-volt battery in the IP-10A.
Although the light is on, the battery may not have enough charge to establish
communication. The battery should have at least 8 volts of charge.
• Ensure that the IP-10A connector and the connection pins on the Hi-Star are
thoroughly dry.
• Check for any dirt that could be in the pins. Use a soft brush and water to clean the
pins. Dry thoroughly with a paper towel.
• Try communicating with another Hi-Star.
• If this works, try recharging the Hi-Star in question.
• If this does not work, check the battery in the IP-1 OA.
• If communication still cannot be established with the Hi-Star, contact your Distributor
or Nu-Metrics Technical Support Department. The unit may require repair.
• If you are unable to communicate with any Hi-Star that you have, try using a different
set of cables and IP-1 OA. If this does not work, contact Nu-Metrics Technical
Support for assistance.
• If you have downloaded a Palm Pilot prior to communicating with the Hi-Star, you
may receive this error. The Palm Pilot can capture the port and will not allow you to
communicate with the Hi-Star even though the Palm Pilot is no longer plugged in to
the computer. Have your IT person verify that the port is open for communication.
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Problem:

Unable to download the data from the Hi-Star

Error Message:

"Error reading the contents of the Hi-Star unit. Not adding the data
to the catalog. Check the file: Current.dat"

Possible Causes/Solutions:
How to access the file Current.dat:
• Open Notepad or Wordpad by selecting from the Start menu, Programs I Accessories I
Notepad or Wordpad.
• Select File I Open
• Select the "Look in" window and click on the drive where HDM is stored. (Example: "C:"
drive)
• Find the folder named "Program files" and double-click.
• Find the folder named "HDM" and double-click.
• At the bottom of the window in the area labeled "Files of type", select the window and
click on "All files" or "All documents".
• Find the document called "Current" or "Current.dat" and double-click on the document.
• This will open a data file with the information that was downloaded from your counter.
Example file below:
Current.Oat file example
State
City
County
Street
Lane
Posted Speed
Operator
Unit ID
Unit type
English/Metric
Reverse
Begin date
End date
Period
Length of Study
Verify
Speed bin
Length bin
Failure Code

:X:OPA
:X:1 UNIONTOWN
:X:2FAYETTE
:X:3MT. BRADDOCK
:X:4LEFT
:X:545
:X:6JC
:X:734450
:X:8NC97
:KE
:GN
:80107061430
(Format: YYMMDDHHMM)
(Format: YYMMDDHHMM)
:E0107061530
:P15
:HP3C
:00
:S9 10 15 20 25 30 35 40 45 50 55 60 65 70 75
:L20 21 28 40 50 60 70 80
:F12

Verify that the correct Begin Date and End Date are correct and note the Failure Code,
which will help determine the reason that the counter failed.
Updated: February 16, 2004
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Current.dat Failure Codes:

FO- Start up state (memory is clear)
F1 - Normal termination
F11 - Waiting for start time
F12 - Preparation time
F13 - Doing Study
F14 - Battery Failure
F15 - Memory Full
F16 - Prep Verify State
F17 - Verify State
F18-Wait for Prep Time

F11 Failure:
An F11 error occurs when the unit is waiting for the Start Time of the study.
Possible Causes/Solutions:
• If the Hi-Star in not programmed at least 30 minutes in advance.
• Certain computers, especially those with Pentium Ill processors will shut down the
serial port early and cause the counter to fail.
A software patch is available from Nu-Metrics download page at www.numetrics.com to fix the serial port issue common on these computers.
• To determine that your computer is suspect to the Pentium Ill problem, plug the IP1OA into the serial port of the computer. If the LED on your IP-1 OA lights as soon as
you plug it in, you may have a problem with the serial port. In this case, ensure that
you unplug the IP from the computer upon completion. If not, the battery in the IP
will drain and, therefore, fail the next time it is used. Computers with Celeron
processors will also cause the IP light to come on when connected. However, they
do not seem to cause the F11 error.
Please contact Nu-Metrics Technical Support for further assistance.
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F12 Failure:
An F12 error occurs when the unit is interrupted before the start of the study.

Possible Causes/Solutions:
• Programming error.
• Metal in contact with the pins. A short can occur causing memory to fail.
• Component failure within the unit.
If you receive an F12 error, follow the steps below:
•

Reset the counter by placing a paperclip formed in the shape of a U between
pins 2 and 3 on the counter. This will reset the memory to allow for a new
program. If you were looking at the pins, you would count from left to right. The
first pin on the left is Pin 1 and the last pin that is set off by itself is Pin 5.

•

Reprogram the unit for a 15-minute study. Ensure that the start and end times
are correct. The Hi-Star will be set to match the time on your PC clock. If you try
to communicate with the unit before the start time, you will receive the F12 error.

•

Place the unit on your desk for the duration of the study. Be careful not to allow
any metal to come in contact with the pins. Do not charge the unit after
programming a study. This will cause the unit to shut down.

•

Wait a few minutes after the end time and download the Hi-Star. If the study
runs to completion, recharge the unit and program for your next study.

•

If you receive the same error message, check the Current.dat file for the failure
code and contact Nu-Metrics Technical Support Department.

F13 Failure:
An F13 error occurs when the unit is interrupted during a study.

Possible causes:
• Programming errors.
• Component failure due to road damage.
• High concentration of road salt causing conductivity between the pins.
• The unit could have been dislodged from the road.
• Communicating with the unit before the end time of the study.
If you receive an F13 error and the unit shows no sign of physical damage, follow the
steps below:
•

Reset the counter by placing a paperclip formed in the shape of a U between
pins 2 and 3 on the counter. This will reset the memory to allow for a new
program. If you were looking at the pins, you would count from left to right. The
first pin on the left is Pin 1 and the last pin that is set off by itself is Pin 5.
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•

•

•
•

Reprogram the unit for a 15-minute study. Be sure to check that the start and
end times are correct. The Hi-Star will be set to match the time on your PC
clock. If you try to communicate with the unit before the end time, you will
receive the F13 error.
Place the unit on your desk for the duration of the study. Be careful not to allow
any metal to come in contact with the pins. Do not charge the unit after
programming a study. This will cause the unit to shut down.
Wait a few minutes after the end time and download the Hi-Star. If the study
runs to completion, recharge the unit and program for your next study.
If you receive the same error message, check the Current.dat file for the failure
code and contact Nu-Metrics Technical Support Department.

F14 Failure:
An F14 Failure occurs when the battery voltage drops to a level below normal operating
range. To preserve the data already collected, the Hi-Star will shut-down. To avoid this
error, follow the steps below:

Possible Causes/Solutions:
Charge the Hi-Star for 12 hours prior to programming the unit. This will ensure that
the Hi-Star is at optimal battery level for your study.
• Check the battery voltage prior to programming the Hi-Star. The HDM software
offers a way to check the battery voltage under the Utilities menu.
• If a study will be longer than 48 to 72 hours, set the period for reporting data to at
least 60 minutes. The smaller the period, the more battery life you use because the
unit must format and store the data at the end of each period, which requires more
battery power. If you use a 60-minute period, you will use less battery life than if you
were using a 1-minute or 15-minute period.
• If the Hi-Star cannot be charged to full battery capacity, contact your distributor or
Nu-Metrics Technical Support. The unit may require repair or replacement of the
batteries.
•

F15 Failure:
An F15 Failure occurs when the memory capacity has been exceeded.

Possible Causes/Solutions:
• High volumes of traffic.
• Small reporting periods for a long study.
• Possible interference in the magnetic field surrounding the counter that could be read
as vehicles passing over the Hi-Star.
To avoid receiving this error, follow the steps below:
•

If you are programming for an extended study, such as five to seven days, use a
period length of at least 60-minutes. This will allow the Hi-Star to store more
data while using a smaller portion of the memory.
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•

If you are placing the Hi-Star on a heavily traveled road, consider using two
counters and joining the studies together. The second counter would need to be
programmed to begin at the same time that the first counter would end. This
would allow you to extend the time of your study without filling your memory.
Changes in the magnetic field surrounding the Hi-Star can cause the unit to
register extremely high counts in some time periods. AC Power lines,
construction generators, or underground power lines can cause such changes. If
you suspect that there may be a problem with AC interference, contact NuMetrics Technical Support Department. We can provide an AC detector to
determine if there is an issue with interference.
Try moving the Hi-Star to a different location for another study. If the unit still
fails due to memory failure, contact Nu-Metrics Technical Support.

•

•

F16, F17, or F18 Failure:
These errors are related to the transmitter function that is turned on when you are
programming the counter to verify the study using the receiver and verify software.
If you are not using a verify receiver:
• Do not check the "verify" box when programming the counter.
If you are using the verify receiver:
• If you are using the verify receiver and verify software, then make sure that you
place the antenna for the Hi-Star in the correct pin prior to installing the unit on the
road. If you put the antenna in the wrong pin, you could short out the memory and
shut the counter down before the Hi-Star can begin the study.
If you receive any of these errors, follow the steps below:
•
•

•

•
•

Reset the memory in the counter by shorting across Pin 2 and Pin 3.
Reprogram the unit for a 15-minute study. Be sure to check that the start and
end times are correct. The Hi-Star will be set to match the time on your PC
clock. If you try to communicate with the unit before the start time, you will
receive these errors.
Place the unit on your desk for the duration of the study. Be careful not to allow
any metal to come in contact with the pins. Do not charge the unit after
programming a study. This will cause the unit to shut down.
Wait a few minutes after the end time and download the Hi-Star. If the study
runs to completion, recharge the unit and program for your next study.
If you receive the same error message, check the Current.dat file for the failure
code and contact Nu-Metrics Technical Support Department.
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Problem:

Cannot set Hi-Star clock to match PC clock

Possible Causes/Solutions:
• Check the Date/Time format on your Computer and the Regional Settings. Program
the counter according to the settings on your computer or change the settings on the
computer to match the default settings of the HOM program. Some systems will not
recognize the correct date and time unless the settings are the same format on the
computer as they are within the HOM software.
• Change the 9-volt battery in the IP-10A. The first function that the HOM software
does is to set the Hi-Star clock to match the time on your PC clock. If the battery in
the IP-10A does not have enough voltage to communicate with the Hi-Star, you will
receive this error message.
• If changing the battery in the IP-10A does not fix the problem, try using a different IP1OA. If you still get this error message, contact your distributor or Nu-Metrics
Technical Support Department. The unit may require repair.
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Table A5.1: Seasonal Adjustment Factors by Functional Class 2000-2004
n

2004
2003
2002
2001
2000
5YRAVG

1.111

2004
2003
2002
2001
2000
5YRAVG

.Llli

1.202
1.141
1.165
1.294
1.198

M

n

I

A

N v

I.HZ I.ID lalll latD I.Iii UZI .IJlll

1.Jl6

A

0.980
0.980
0.986
1.034
0.995

n

1.101
1.117
1.127
1.116
1.115

2004
2003
2002
2001
2000
5YRAVG

0.947
0.926
0.975
0.955
0.945

0.906
0.944
0.950
0.967
0.944

un

I

0.982
0.982
0.963
0.979
0.974

0.981
0.969
0.991
1.022
0.918

1.012
0.985
0.990
0.998
0.999

1.068
1.046
1.030
1.137
1.069

Nov

Mil MU Mn Mil

Ml§.

1Jlll

D
lJlU

0.979
0.951
0.982
0.973
0.965

0.980
0.969
0.952
1.084
0.995

Jun

0.921
0.923
0.922
0.908
0.922

0.969
1.001
0.890
0.975
0.961

0.978
0.953
0.981
0.997
0.974

0.979
0.999
1.035
0.969
0.992

1.024
1.042
1.049
1.000
1.029

Jul

Nov

I.Ill .QJlll

lJlll

D
lalli

0.925
0.913
0.913
0.915
0.916

0.887
0.887
0.924
0.922
0.903

0.987
1.030
0.980
1.001
1.002

1.043
1.069
1.024
1.172
1.084

un

I

Au
~

0

Nov

De

Mil I.ill 1JMll
1.024
1.056
0.990
1.045
1.031

l,JiM
1.086
1.096
1.055
1.158
1.100

Jun
ul
Au
Nov
Se
Oct
.L1H 1Jll.l .lJJ9 A.In Mil M§ MB 1..9.H M§ A.In 1Jlli

D
iJlH

R.111 Mil
0.905
0.935
0.908
0.948
0.923

0.906
0.939
0.970
1.029
0.952

0.903
0.903
0.935
0.929
0.919

0.956
0.976
0.973
1.065
0.985

0.964
0.992
0.951
0.970
0.974

Rural - Ma"or Collectors Minor Collectors and Locals
Jan
Fe
Mar
A r
Ma

2004
2003
2002
2001
2000
5YRAVG

1.051
1.096
1.083
1.150
1.088

0.956
0.937
1.105
1.140
1.059
1.011
0.954
0.989
0.994
0.998
1.111
1.075
1.099
1.006
0.950
0.893
0.970
0.928
1.027
0.989
1.056
0.990
1.153
0.960
0.968
0.926
0.945
0.982
1.027
1.293
1.277
1.216
1.251
1.064
1.009
0.988
0.974
0.902
0.912
1.050
1.193 1.133 1.104 1.009 0.963 0.947 0.954 0.946 1.000 0.980
Note: These seasonal adjustment factors are used to expand 24-hour weekday counts (Monday,
Wednesday, Thursday) to estimate AADT for roads counted periodically around the state.

Source: Indiana De artment of Trans ortation Pro ram Deve/o ment Division.

1.033
1.065
1.067
1.051
1.046
Tuesday,

1.087
1.130
1.068
1.296
1.129
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APPENDIX A6:

SAMPLE SHEET OF ANNUAL GROWTH FACTORS PROVIDED BY INDOT

Table A6.1: Annual Growth Factors by Functional Class 1995-2004
1995

1996

YEAR FROM WHICH DATA IS ADJUSTED:
2002
1998
1999
2000
2001
1997

2003

4

0.721
0.755
0.805
0.836
0.867
0.863
0.937
0.970

0.713
0.746

YEAR TO:
URBAN INTERSTATES, FREEWAYS, 8c. EXPRESSWAYS

~

0.955

1.047
1.116
1.159
1.203
1.197
1.299
1.345
1.387
1.403

1.066
1.107
1.149
1.143
1.241
1.285
1.324
1.340

0.896
0.938

1.038
1.077
1.072
1.164
1.205
1.242
1.257

0.863
0.904
0.963

1.038
1.033
1.122
1.161
1.197
1.211

0.832
0.871
0.928
0.963

0.995
1.081
1.118
1.153
1.167

0.836
0.875
0.933
0.968
1.005

1.086
1.124
1.159
1.173

0.770
0.806
0.859
0.892
0.925
0.921

1.035
1.067
1.080

0.744
0.778
0.830
0.861
0.894
0.890
0.966

1.031
1.043

0.79~

0.826
0.857
0.853
0.926
0.958
0.988

1.012

URBAN PRINCIPAL 8c. MINOR ARTERIALS, COLLECTORS AND LOCALS
0.986

1.014
1.097
1.122
1.140
1.179
1.217
1.290
1.273
1.258

1.082
1.107
1.125
1.163
1.200
1.272
1.256
1.240

0.911
0.924

1.023
1.039
1.075
1.109
1.176
1.160
1.146

0.891
0.903
0.978

1.016
1.051
1.084
1.149
1.134
1.121

0.877
0.889
0.962
0.984

1.034
1.067
1.131
1.116
1.103

0.848
0.860
0.930
0.952
0.967

1.032
1.094
1.080
1.067

0.822
0.833
0.902
0.922
0.937
0.969

1.060
1.046
1.034

0.775
0.786
0.851
0.870
0.884
0.914
0.943

0.987
0.975

0.785
0.796
0.862
0.882
0.896
0.926
0.956
1.013

0.988

RURAL INTERSTATES
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

0.979

1.021
1.092
1.132
1.169
1.120
1.157
1.214
1.220
1.236

1.070
1.109
1.145
1.097
1.133
1.189
1.195
1.210

0.915
0.935

1.036
1.070
1.025
1.059
1.111
1.117
1.131

0.884
0.902
0.965

1.033
0.990
1.022
1.072
1.078
1.092

0.855
0.873
0.934
0.968

0.958
0.990
1.038
1.043
1.057

0.893
0.912
0.975
1.010
1.044

1.033
1.084
1.089
1.103

0.864
0.882
0.944
0.978
1.010
0.968

1.049
1.054
1.068

0.824
0.841
0.900
0.933
0.963
0.923
0.953

1.005
1.018

0.820
0.837
0.896
0.928
0.959
0.918
0.949
0.995

0.809
0.826
0.884
0.916

0.946
0.906
0.936
.982
0.987

1.013

RURAL PRINCIPAL 8c. MINOR ARTERIALS
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

1.002

0.998
1.061
1.111
1.113
1.065
1.089
1.103
1.078
1.109

1.063
1.113
1.115
1.067
1.091
1.105
1.081
1.111

0.943
0.941

1.047
1.049
1.004
1.026
1.039
1.017
1.045

0.900
0.899
0.955

1.002
0.959
0.980
0.993
0.971
0.998

0.899
0.897
0.953
0.998

0.957
0.978
0.991
0.969
0.996

0.939
0.937
0.996
1.043
1.045

1.022
1.035
1.013
1.041

0.919
0.917
0.975
1.020
1.022
0.978

1.013
0.991
1.018

0.907
0.905
0.962
1.007
1.009
0.966
0.987

0.978
1.005

0.927
0.925
0.984
1.030
1.032
0.988
1.009
1.022

0.902
0.900
0.957
1.002
1.004
0.961
0.982
0.995
0.973

1.028

RURAL MAJOR 8c. MINOR COLLECTORS AND LOCALS
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

0.951

1.052
1.092
1.091
1.125
1.181
1.179
1.205
1.208
1.213

1.038
1.037
1.069
1.123
1.120
1.145
1.148
1.153

0.916
0.963

0.999
1.030
1.081
1.079
1.103
1.106
1.111

0.917
0.964
1.001

1.031
1.083
1.080
1.104
1.107
1.112

0.889
0.935
0.971
0.970

1.050
1.048
1.071
1.074
1.078

0.847
0.891
0.925
0.924
0.952

0.998
1.020
1.023
1.027

0.848
0.893
0.927
0.926
0.954
1.002

1.022
1.025
1.029

0.830
0.873
0.907
0.906
0.934
0.980
0.978

1.003
1.007

0.828
0.871
0.904
0.903
0.931
0.978
0.976
0.997

0.824
0.867
0.900
0.899
0.927
0.974
0.972
0.993
0.996

1.004

Note: Factors in this table are used to take previous year AADTs and adjust them for increases in similarly classed roads (e.g. to adjust a 2003 urban interstate
count to a 2004 equivalent, you would multiply the 2003 count by 1.012). This table is completely updated and supersedes any previous listing of year-to-year
adjustment factors.
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APPENDIX A7: SAMPLE SHEET FOR TRAFFIC COUNT RECORDS

TRAFFIC COUNT RECORD

Counter ID:

for

SURFACE TYPE: _ _ _ _ __
COUNTY ROAD NUMBER:
COUNTY ROAD NAME:
LOCATION: - - - - - MILES
Os OE Ow OF _ _ _ __
DIRECTION:
D N/E
S/IV
D BOTH
DURATION:
024 HR
048 HR
D OTHER----------

ON

D

SKETCH:

BY

ANNUAL AVERAGE DAILY TRAFFIC

--->

(seasonally adjusted)

REVIEWED AND APPROVED:
-~------------------ADDED TO ADT MAP:0
ENTERED IN COMPUTER:0
Figure A7.1: Traffic Count Record Example
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APPENDIX A8 : SAMPLE OF COUNTI FLOW MAP
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Figure A8.1: County Flow Map Example
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APPENDIX A9: Generalized Expansion Factors for Travel Groups II and V
Table A9.1: Generalized Expansion Factors for Travel Groups II and V
Travel Group

II

v

Ideal Time to
Collect for

Representative %
ADT

Standard Deviation
(obtained from d.1la)

Generalized
Expansion Factor

Urban !linor Collectors

1:00 PM to 2:00 PM

8.87%

0.91%

11.27

Urban Locals

1:00 PM to 2:00 PM

6.30%

1.10%

15.87

Urban !linor Arterials

4:00 PM to 5:00 PM

8.33%

0.72%

12.00

Urban Principal Arterials

4:00 PM to 5:00 PM

8.64%

0.71%

11.57

Rural !linor Collectors

1:00 PM to 2:00 PM

4.91%

0.65%

20.37

Rural Locals

4:00 PM to 5:00 PM

8.31%

2.59%

12.03

Rural llinor Arterials

1:00 PM to 2:00 PM

4.46%

0.23%

22.42

Rural Principal Arterials

3:00 PM to 4:00 PM

7.20%

0.69%

13.89

Rural !lajor Collectors

8:00 AM to 9:00 AM

5.59%

0.89%

17.89

Note: The standard devjat jon values jn Table A9.1 rejnforce the statement made fo Sect fon
4. 6 concernjng the accuracy of the general jzed expansjon factors. A standard devjat jon js
a represent at jon of the spread jn the data and the larger the standard devjat fon, the
larger js the spread. As can be seen from the presented values (many of whfrh exceed 10 %
of thefr correspondjng percent AIJT), the presented averages are qujte jnaccurate jn
represent jng actual data.
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LIST OF VEHICLE COUNTER SUPPLIERS

1.

Name and Website
Phone
Nu-Metrics, Inc.--------------------------71-800-346-2025
http://www.nu-metrics.com/

2.

Roadway Data------------------------------71-503-706-7404
http://www.roadwaydata.com/

3.

K &E Technology, Inc.--------------------71-708-672-4141
http://www.ketechnology.com/

4.

Sen Source, Inc.--------------------------71-800-239-1226
http://www.sensourceinc.com/

5.

TRAFx Research Ltd.-----------------------71-403-678-1802
http://www.trafx.net/

6.

Diamond-----------------------------------71-541-782-3903
http://www.diamondtraffic.com/

7.

MetroCount--------------------------------71-800-576-5692
http://www.metrocount.com/.

8.

VehicleCounts.com-------------------------71-971-732-5075
http: I hvww. ve_hi cJ~count s. com/

9 . JAMAR Techno 1og i es-------------------------71-800-776-0940
pt t_Q_: I I j amar tech. com/
10. Tapecoat----------------------------------71-800-758-6041
http: I /www. t apecoat. com/t c_pdf/M_860. pdf/
Note: This list is not all inclusive. There are many other reputable
suppliers of traffic counters and these are simply provided as a quick
reference of some of the more cannon suppliers.
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ACRONYM KEY
AADT-Average Annual Daily Traffic
ADT-Average Daily Traffic
FHWA-Federal Highway Administration
HERPIC-Highway Extension and Research Project for Indiana Counties
INDOT-Indiana Department of Transportation
!TE-Institute of Transportation Engineers
LTAP-Local Technical Assistance Program
MUTCD-Manual of Uniform Traffic Control Devices
NACE-National Association of County Engineers
OHPI--Office of Highway Policy Information
TMG-Traffic Monitoring Guide
WIM-Weigh in Motion
VPD-Vehicles per Day
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